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TESTS     OF    RSIIIFORCBI)    CONCRETE  BEAliES. 
VARYING  p]iRCENTAGES  OF  REINFORCELENT . 

The  experiments  herein  described  are  a  part  of  the  work 
undertaken  by  the  Joint  Conmiittee  appointed  by  the  lecw.ing 
engineering  and  technical  societies  of  the  United  States  to 
conduct  experiLients  upon  reinforced  concrete,  and  nore  especially 
a  part  of  the  v/ork  undertaken  at  the  University  of  Illinois. 

Since  the  strength  of  the  beams  increases  v/ith  the  per- 
centages of  rnetoa,  provided  there  is  no  failure  by  shear  or 
coiiipression  of  the  concrete,  the  limit  of  econoniical  gain  of 
strength  is  an  important  matter  in  design. 

The  purpose  of  this  investigation  is  to  determine  the 
limiting  percentages  of  metal  for  the  concrete  used  8.nd  the 
effect  of  varying  the  percentages  of  metal  on  the  deformations 
in  the  concrete,  the  position  of  the  neutral  axis  and  the  manner 
of  failure. 

The  follov/ing  divisions  will  be  made:  — 
I.  description  of  Materials,  II.  Description  of  Test 
Pieces,  III.  Details  of  Tests,  IV.  Observed  Data,  and  V. 
Discussion. 

I.     DESCRIPTION  OF  IIATERIALS. 

For  a  detailed  description  of  the  cement,  sand,  metal, 
stone  and  concrete  used  in  these  beams  referexice  may  be  made 
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to  the  thesis  by  Mr.  E.  T.  Renner  entitled,  Tests  of  Reinforced 
Concrete  Beams,  Effect  of  Release  of  Load,  presented  June,  1905 

II.     ESSCRIPTIOIT  0?  TEST  PIECES. 

All  of  the  beams  for  this  test  were  of  1:3:6  concrete,  8 
in.  wide,  11  in.  deep  .and  13  ft.  long,  reinforced  v/ith  low 
steel  placed  10  in.  dovm  from  top  of  the  beam  and  arranged 
symmetrically  v;ith  respect  to  the  longei   axis  of  the  beams. 
For  a  detailed  description  of  the  test  pieces  reference  may 
be  ma-d.e  to  the  thesis  of  Mr.  E.  T.  Renner. 

In  all,  seven  beams  were  tested  as  follows: 


Beam 

Reinforcement 

Age  at 

Test 

Remarks 

No. 

No.  Bars  Peroerit. 

Days 

33 

3  3/4 

in. 

1.65 

60 

34 

3  3/4 

in. 

1.65 

60 

One  rod 

exposed  near 

beam 

35 

3  1/2 

2  3/4 

1.85 

60 

37 

5  1/2 

in 

1.25 

59 

38 

2  1/2 

2  3/4 

1.60 

59 

45 

3  1/2 

2  3/4 

1.85 

61 

Cracked 

by  fall 

46 

5  3/4 

in. 

2.75 

61 

65 

none 

All  beams  in  these  tests  were  tested  on  a  12  ft.  span  and 
loaded  equally  at  the  third  points.      Machine  was  run  on  the 
slow  speed  and  loads  applied  continually  until  "oeai-n  failed  ex- 
cept v/hen  stops  were  made  at  each  1000  lb.  additional  load  to 
take  readings  of  deformations  and  deflections. 
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The  extensometer  yokes  were  attached  3  in.  inside  of  the 
load  points  and  had.  a  span  of  42  in.      The  deflections  were 
taken  with  a  cathetometer  sighted  upon  a  pin  hole  in  a  small 
piece  of  paper  at  center  of  beam  and  fastened  to  it.  Readings 
were  taken  in  meters  and  were  afterwards  computed  in  inches  for 
the  deflections. 

IV.     OBSERVED  DATA. 

Preliminary  tests  were  i.iade  to  determine  the  deflection 
of  the  table  of  the  machine  by  sighting  the  cathetoiueter  at  a 
point  directly  over  one  of  the  supports  and  measuring  the  de- 
flections as  the  loads  were  applied  and  it  was  decided  that  the 
deflections  of  the  table  were  so  slight  that  they  could  be 
neglected  and  the  readings  would  be  less  in  error  than  would 
be  the  error  in  reading  the  deflections  by  the  thread. 

The  original  readings  of  def orma.tions  and  deflections  are 
given  in  tables  pages  21  to  27  of  this  thesis.      The  curves  for 
the  unit  deformations  and  deflections  as  computed  from  the 
observed  data  are  given  in  plates  I    to  VII  pages  13  to  19  of 
this  the si". 

Beam  No.  33:     Beaiii  was  apparently  in  good  condition. 
Cracks  appeared  only  under  load  points  and  outside  of  load 
points  and  no  cracks  appea.red  inside  of  the  extensometers . 
First  appearance  of  cracks  at  about  10,000  lb.       Crack  ex- 
tending diagonally  up  from  outside  of  load  tov/ard  load  point 
and  running  under  one  extensometer  yoke  opened  at  maximum 
(14,400  lb.).       Crushing  did  not  take  place  until  load  had 
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fallen  somewhat  below  maximum. 


-Z'-o" 


I   I  /I 


(Above  sketch  show  manner  of  failure.) 
Beam  IJo.  34;     One  rod  v/as  exposed  9  in.  froi.i  one  support 
for  a  distance  of  about  6  in.  due  to  tumble  of  beams  as  des- 
cribed in  thesis  by  Mr.  E.  T.  Renner.      Bond  was  probably 
destroyed  by  the  jar  of  the  fall  as  becm  gave  way  suddenly  with- 
out any  cracks  opening  up.      Load  was  eccentric  on  side  v;ith 
No.  1  and  4  up  to  a  load  of  about  8000  lb.      At  10,000  lb.  block 
used  to  transfer  load  to  eye  beam  crushed  and  rollers  moved 
about  1/4  in.  to  one  side  of  points.      Be^im  sheared  sudden- 


ly at  maximum  load  (12,800  lb.). 


 Zl"   

(Sketch  shov/in^  manner  of  failure.) 
Beam  No.  35:    Becun  apparently  uninjured  by  tumble.  A 
few  minute  cracks  about  3  in.  a.part  appeared  at  or  near  load 
points  as  the  lo-3xl  was  increased  from  10,000  lb.  to  15,000  lb. 
and  at  the  maximum  (15,000  lb.)  a  large  vertical  crack,  opened 
about  6  in.  to  one  side  pf  center  extending  to  top,  and  crush- 
ing  took  place  at  top  of  crack  and  continued  as  load  continued 

A 
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to  "be  applied  which  was  until  the  load  had  dropped  gradually 
to  7200  lb. 


Z-o 


Zf 


Z/ 


(Above  slcetch  shov/s  manner  of  failure.) 
Beam  No.  37:    Beam  apparently  uninjured  by  tumble.  Small 
cracks  began  to  appear  under  load  points  at  aboLit  8000  lb.  and 
continued  to  appear  until  they  v/ere  all  throu^  the  iij.da.le  third 
and  1  ft.  to  each  side  of  it  at  11,000  lb.      Cracks  extended  up 
3  in.  or  4  in.  from  bottom  of  beam  and  were  about  3  in.  apart. 
At  12,000  lb.  cracks  had  extended  an  inch  or  so  farther  up  the 
be^un  but  did  not  seem  to  be  opening  any.      At  13,000  lb.  a  large 
crack  appeared  about  1  ft.  from  center  of  beajn  and  IobA  immed- 
iately fell  to  10,800  lb.       Crack  reached  7  in.  from  bottom  of 
beam.       Slow  speed  was  continued  for  4-1/2  minutes  with  load 
constantly  at  11,300  lb.  before  crushing  began.      Load  continued 
at  or  near  11,000  lb.  and  crack  opened  1/2  in.      Fast  speed  was 
then  applied  and  besm  crushed  rapidly  and  Iovj:-.  fell  to  8000  lb. 
and  v/as  discontinued. 


I  f  f(  I 


\  \  \  W  \  \  \J  I  f  1 1  /  /  / 


\  \ 


z/- 


(Sketch  shov/ing  maianer  of  failure.) 
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Besim  No.  38;     No  visible  effect  of  tumble.      First  cracks 
appear  under  load  points  at  7000  lb.      Small  cracks  continued 
to  appear  near  load  points  ujia  a  few  appeared  near  center  of 
beam,  all  cr<acks  extendin;^  up  3  in.  or  4  in.  from  bottom  of 
bepjn  up  to  13,000  lb.      A  1o3j5.  of  13,950  lb.  was  reached  and 
.the  load  fell  to  13,800  lb.  at  which  the  machine  was  stopped 
and  beam  suddenly  failed.      Sheared  from  1-1/2  ft.  outside  of 
load  point  to  load  point.      No  crack  was  visible  at  point  at 

v-rhich  failure  occured.      Bond  probably  gave  yid^  suddenly. 

^^O'-  1  ^~0' 


(Above  sketch  shows  manner  of  failure.) 
Beam  No.  45;     Tv;o  cracks  due  to  tumble  v;ere  visible,  one 
under  one  load  point  and  the  other  6  in.  outside  of  the  other 
load  point.      Rods  also  showed  on  one  siue  of  beams  for  about 
18  in.  from  support.      C^ack  outside  of  load  point  closed 
slij^htly  at  top  and  opened  at  bottom  up  to  8000  lb.  after 
v/hich  it  showed  no  change.      At  11,000  lb.  a  crack  developed 
1  ft.  outside  the  other  load  point  and  continued  to  open  up 
to  maximum  load  (12,400  lb.).      Exposed  rod  seemed  to  be 
slipping  and  there  v;a.s  slight  crushing  at  load  point  at  maxi- 
mum load.      Loaii  dropped  to  4000  lb.  machine  running  at  slov; 
speed  before  beam  actually  gave  v;ay.      Failure  by  diagonal  ten- 
sion-shea-r . 


C7) 


Z-O' 


2'0 


-Zl 


z/ 
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(Sketch  sh.ov/s  majrmer  of  failute.) 
Beam  No.  46:     No  evidence  of  tuinble  visible.      No  cracks 
appeared  until  after  maximuiu  load  (15,200  lb.)  was  reached. 
Top  of  be^jn  began  to  crush  out  at  top  at  maxiiiiuiii  load  and  as 
beam  continued  to  deflect,  vertical  cracks  opened  up  and  tension 
cracks  appeared  alonj^  plane  of  steel  with  load  at  about  12,000 
lb.      Crushing  was  between  center  of  oeam  and  load  point. 

Z-O'- — ^  2-0 


(Sketch  showing  manner  of  failure.) 

Beam  No.  65:    Plain  concrete  a,nd  not  in  tumble.  Tested 

v/ith  slow  speed  of  machine  and  readings  taken  at  every  200  lb. 

until  beaii.  failed.      Beajn  deflected  slightly  and  failed  sudden- 

2  ft . 

Iv  by  a  verticaD   crack ^from  center  of  span  at  maximujii  load 


(1260  lb. )  , 


2/ 


(Above  sketch  shows  manner  of  failure.) 
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V.  DISCUSSION. 

The  results  of  this  test,  as  far  as  the  stress  in  the  steel 
and  concrete  are  concerned  are  shown  in  Table  8 i  page  lo 
The  unit  stress  in  the  steel  computed  by  the  forinula  ;  - 

M  =  A  s  d  (1  —  .36K) 
and  that  found  from  the  deformation  curve  do  not  agree  very  I 
closely?      The  stress  in  the  steel  does  not  pass  the  elastic 
limit  of  the  steel  except  in  case  of  Beam  ITo .  37,  where  it  is 

i 

seen  that  the  stress  in  the  steel  somev;hat  exceeds  the  elactic 
limit  of  the  metal.       In  Beam  No.  33,  the  elastic  limit  is  ap- 
proached, but  as  the  results  for  Beam  No.  34  are  probable  effected 
by  the  tumble  referred  to  under  Observed  Dat8>,  there  is  no  | 
check  upon  the  values  found. 

The  results  ootained  for  Beams  No.  35  and  45  are  somewhat 
near  together,  and  the  stress  in  the  steel  at  the  maximum  load 
is  v/ell  below  the  elastic  limit.      The  stress  in  the  concrete 
is  lower,  however,  than  the  shearing  and  compressive  stren^jths 
obtained  by  Messrs.  Shoem^<:er  and  O'Connell,  given  in  their  | 
Thesis  on  Shearing  Strength  of  Concrete,  presented,  June,  1905. 

The  results  for  Beam  No.  38,  are  not  reliable  because  of 
the  injury  receivea  in  the  tumble.      At  least  the  stress  in  the  ' 
steel  vjould  indicate  that  the  bond  had  been  destroyed,  as 
v;as  noted  in  Observed  Tata. 

I 

> 

The  position  of  the  neutral  axis  during  the  third  stage 
of  flexure,  as  given  by  Plates  I  to  VII,  pages  13  to  19  is 
seen  to  lower  with  respect  to  the  top  of  the  beam,  as  the  per- 
centage of  reinforcement  increases,  v/hich  is  as  it  should  be^.   j 
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When  the  percentage  of  reinforcement  is  increased,  the  steel  is 
capable  of  carrying  a  greater  stress  for  the  same  unit  deforma- 
tion.     Then,  as  the  quality  of  the  concrete  does  not  cha.nge, 
if  the  load  is  increased,  the  unit  deformation  in  the  upper 
fiber  will  be  greater,  and  the  position  of  the  neutral  axis 
will  be  lower. 

The  beams  in  this  test,  except  those  injured,  and  Beam  llo, 
46  having  the  higher  reinforcement,  failed  by  diagonal  tension- 
shear.      Beam  Ro.  46  fc?„iled  by  crushing  out  at  the  top. 

If  then  the  results  obtained  in  this  test  are  to  be  relied 
upon,, the  limiting  percentages  of  reinforcement  to  be  used  with 
this  concrete,  in  order  not  to  pass  the  limit  of  economical  gain 
of  strength,  is  somewhere  about  1.5  to  1.6  percent.  The 
writer,  however,  feels  that  a  larger  nuL'-xber  of  specimens  should 
be  tested  before  this  conclusion  may  be  considered  to  be 
established. 
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TABIxE  VIII. 


! 

DATA    AND    CALCULATED    RESULTS    EOR    REIKEORCED    BEAli/IS .  ' 


No. 

Load 

bending 
Moment 

Unit  Stress 

b.  per  sq,in. 

c 

0  _ 

1 

C 

5t€el 

Concrete 

E 

Q 

<£) 

Amou 
of 

Rein- 

force- 

a  0 
<  T 

x  E 

0  D 

'in  "5 
0 

O  ^ 

Q)  E 
0  ^ 

0 

s 

I 

> 

C5 

5  CO  c 

0  t2 

33 

3  3/' 4 

in. 

1.33 

14400 

14000 

5.1 

8.16 

336000 

30500 

32400 

105 

2010 

3  3/4 

in. 

1.33 

12800 

12000 

3 . 7 

8,  67 

288000 

25000 

28700 

90 

2230 

35 

3  l/"2 
2  3/4 

in. 
in. 

1.47 

15000 

14500 

4.5 

8.38 

343000 

28300 

33100 

110 

2310 

37 

5  1^2 

in. 

.98 

13000 

13000 

4.6 

8.34 

312000 

38200 

39600 

95 

2200 

38 

2  1/2 
2  3/4 

in. 

in. 

1.26 

13950 

13000 

5.4 

8.06 

312000 

30700 

33400 

100 

1780 

45 

3  1/2 
2  3/4 

in. 
in. 

1.47 

12400 

12400 

6.5 

7.66 

297600 

26400 

26300 

100 

1490 

46 

5  3/4 

in. 

2.21 

15200 

15000 

7.6 

7.26 

360000 

22400 

26500 

130 

1630 

Coefficient  of  elasticity  of  steel,  as  calculated  from 
several  tests  of  3/4  and  1/2  in.  bars  is  30900000. 

Unit  stress  in  steel  in  colunn  headed  "Formula"  v/as  cal- 
culated from  the  formula,  M  =  A  S  d(l        .36K)  ,  where  M  is  the 
bending  moment  due  to  applied  load;  A  is  area  of  metal  reinforce- 
ment in  sq  in. ;  d  is  effective  depth  of  beamj  K  is  ratio  of  depth 
of  neutral  axis  from  top  of  beam  to  effective  depth  of  beam. 

Column  headed  "Shear"  is  the  value  of  the  shear,  or 
diagonal  tensile  stress  and  was  obtained  by  the  formula  , 

^    "(1  -.33K)bd' 

where  S  is  the  unit  shearing  or  tensile  stress;  V  is  1/2  applied 
load.;  b  is  width  of  beam. 
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Column  heacied  "CoKipression"  gives  the  unit  compressive  stress  \ 
in  the  concrete,  cond  v;as  calculated  by  the  formula,  S  =  K 
where  S  is  unit  compressive  stress;  p  is  1/100  of  the  percent.  j 
reinforcement;  f  is  the  unit  stress  in  the  steel  given  in  the 
column  headed  "formula". 
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EXPLAITATION    Oi"  CURVES. 

Curves  were  plotted  with  applied  loads  as  ordinates,  and 
unit  deformations  and  deflections  as  abscissae.      Curves  desig- 
nated "Upper  Fiber"  refer  to  the  upper  fiber  of  the  concretej 
those  designated  "Steel",  give  deformation  is  steel,  under  the 
usual  assumption  that  deformatioii  of  the  steel  is  same  as  that 
of  the  adjacent  concrete.      These  deformations  v/ere  determined 

i    graphically  by  finding  the  total  deformations  from  the  exten- 
someter  reaxiings,  and  dividing  by  the  extensometer  span. 

j   Extensometer  span  was  42  in.  in  all  cases. 

Curves  for  upper  fiber  and  deflections  are  given  in  black, 
and  those  for  steel  in  ulue. 

The  various  positions  of  the  neutral  axis  are  plotted  in 
percents'  of  the  effective  depth  of  the     beam  below  the  top. 
The  neutral  axis  was  located  graphically,  under  the  usual  assump- 
tion that  a  plane  section  beiore  bending  remains  a  plane  section 
after  bending. 


PLAT^  J 


5  2S 
^  SO 
^  7S 


Mooo 


position  o-f  rr&ufral  f  x/f  M  diffitenr  Joa<=^s. 
tl  IS  oi!stincs  ffom  tip  of  beam  to  c^rrtercst  ■sfe€l. 


o 


00 


Applied  Load  in  pounds 


Qeam  No.  JJ. 
J  ^4~\n.  Round  5teel  Bars. 
Loaded  at  poj/7/'s, 
Moxi/T/UfTT Load 


Deflect icn  in  inches 
V)        1:        ^.  ^• 

o 

Deformation  per  u/rJt  of  Itngtn 


5^ 


Of- 


^      •  p 


flateh. 


0  O      O      0      0  0 

Posit  1017  of  neutral  axis  fot  different /oads. 
d  is  distance  from  fop  of  Seam^ce/rferc^sfee/, 

1  I    i    I    I    I    I    I    I  «^ 


Beam  No. 
<3  ^//7.  Round  3teel  Bars 
Loaded  at  V3  poi/rts 
l^aximu/n  Load  /^&oo/b. 


Det/ect/ons  in  /'/rcfres. 
.Z       .5       4        S       .6        .7       S        3  1.0 


«,  o  <i>  **. 

Deforrr/Qtiotj  per  unit  of  lenfth  eilmouf 


(1^ 


0 

I 


7r 


l/Oio 


/oc*o 


/ooo 


Position  of  peutral  axis  fot-  aify'erenf  loads 
d  is  distance  ffotir  tap  of  team  tb  cefrfet  of  steel. 


<3 
O 


o 


I 


a 


Beafii  No. 
3  ^/^in.  2  ^in.  Round  Steel  Bars. 

Loaded  Qt  points. 
MoxitJ/atn  Load  /oOOO/i?. 


Def/ect/o/fS  in  inches 
^        ^        ^  ^ 


CKICAOO. 


Deformation  pef  unit  of  J&/rgfh 


Qilmodr 


(le) 


Platen. 


Or 


o  o 


OOOOO©0OOO 


«         2  S 

^  I  §  S 
5i    (V     ^  ^ 


K      S     ^      $  ^ 


PosiHofj  of  rrevt/aJ  axh  for  d/ffer&ri /oa<^i 
d  /s  distance  from  fop  of  Bemto  tenUrofited. 


&    I  !? 


//060 


/OOOO 


Pefarmatfon  per  u/r/t  of  ierrgth 


PLATf  V. 


o    o     o     o     o  O 

Postt/'or/  of  rreutri/  axis  for  oiiffeteni  Joadt 
d  /J  disfonce  from  Top  of  hGam/i  cej/Ter  of  steel 

?  t  i  i  M  I  I 


Beafn  No.  ^5. 
2.  ^in.  2  ^.in.  Ffourjd  Steel  Bars 
Loaded  at  ^  points 

Load  /33S0lb. 


DefJect/enf>  in  /ffc/res 

.Z         :3         ^         S         J6         .7  .6         .9  /O 

<5  Q  Q)  o  o  o  <a  <» 

Deformaf/o/r  pet  unif  of  /engfk  6i'lm9Ut 


(t8) 


^00 


®        Po^jf/on  of  aeuftaf  axis  f^ot  d//terent  /oaa/s 
d  Is   d/sfance  rtom  top  of  beam  to  cetrtet-of  s/ec/ 


o     o  <»  o  o 

<3  O  ^  S 

"3       "3  ^  i"*  S 

•V     ^  t  ^  ^ 


I   I   1  I 


/'4660 


JZOOo 


liooo 


10000 


Deforrrreit/o/i  per  unit  of  JengtH 


09) 


ISQOO 


/4.000 


/3000 


ol  /'i    distance  -tranr  top  of  beam  fa  ceff/ertrf-si'e.ej 


I  I  I  I  I  I  t  *  ^ 


I  §  ^  §  §  § 
^    ^    §    M  I 

^  \  N 


Beam  No.  46, 
J  -^//j.  ffound  Steel  Bars 
Loaded  at  ^ poi/rts 
Max//77ijm  Load  /6200Jb. 


DeHech'o/7s  in  j'nc/res 


f.O 


% 


1^ 


Defor/77a//o//s  pef/u/r/i-  of  Jengf/r 
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EXPLAITATION    OF  TABLES. 

Tables  I  to  VII,  pages  21  to  27  give  the  original  readings, 
loads  given  being  the  applied  loads,  exclusive  of  the  v/eight  of 
the  besjiis  and  apparatus.      The  extensometer s  v/ere  placed  syra- 
metrically  with  respect  to  the  middle  of  the  beam,  the  spo.n 
being  42  in.      The  four  dials  were  numbered  1,  2,  3,  and  4; 
No.  1  8-nd  3,  being  the  upper  pair  and  No.  2  dxi6.  4,  the  lower 
pair,  in  al3  cases.      Extensometer  readings  are  in  inches, 
reflections  were  measured  in  inches  and  meters  at  the  middle 
of  the  beam.      Sketches  given  below  show  dimensions  of  the 
arms,  distances  between  contact  points,  etc.,  for  extensometer 
yoke. 


T 


Ce/j'/e/'  of  upfet  d/oJi 


Uf>f>e/- 


poi'nts 


^(Lente^  of  low^r  '^/m/^ 
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TABLE  I. 


BEAM 

NO.  33. 

3  3/4 

in.  BARS. 

Extensometer 

Span 

42  in. 

Load 

Extensoi/ieter  Readings 

Lef lectic 

Readings 

lb. 

1 

2 

3 

4 

Meters 

0000 

.0040 

.0155 

.0113 

.0034 

.84930 

1000 

J.  \y  ^  V/ 

.0078 

.0196 

.  0146 

.0071 

855 

.0123 

.0244 

.0189 

.0120 

790 

.0175 

.0298 

.0240 

.0176 

710 

.0229 

,0357 

.0295 

.0235 

620 

.0286 

.0419 

.0352 

.0297 

■530 

\J  O  \y 

DUUU 

.0345 

.0483 

.0414 

.0359 

430 

v/ 

.0406 

.0544 

.0475 

.0421 

335 

.0479 

,0618 

.0551 

.0496 

220 

Cs/  \y 

.0543 

.0682 

.0614 

.0561 

125 

10000 

.0613 

.0756 

.0682 

.0632 

020 

n  000 

.0680 

.0827 

.0754 

.0701 

83910 

1  ?000 

.0747 

.0903 

.0832 

.0774 

790 

13000 

.0835 

.0976 

.0910 

.0847 

670 

14000 

.0935 

.1085 

.1012 

.0969 

520 

14400 

max. 

no  read.ings 

13200 

.1610 

.2315 

.1740 

.2280 

.82750 

13000 

.1843 

.3255 

.2280 

.2765 

460 

I 


(22) 


TABLE  II. 


BEAM  NO. 

34.  3 

3/4  IN 

.  BARS. 

Extensometer  Span 

42  In. 

Load 
lb. 

Extensometer  Readings 
12             3  4 

reflection 

Readin^;?. 
Inches  Meters 

0 

.0021 

.0109 

.0115 

.0015 

2.16 

. 88190 

lOCO 

59 

145 

145 

63 

18 

145 

2000 

109 

192 

181 

148 

19 

75 

3000 

164 

249 

228 

224 

21 

ooUUU 

4000 

222 

309 

280 

319 

25 

87915 

5000 

279 

370 

335 

418 

29 

825 

6000 

432 

435 

392 

519 

33 

730 

7000 

405 

498 

454 

629 

35 

640 

8000 

472 

560 

524 

742 

38 

530 

9000 

545 

634 

602 

864 

40 

430 

10000 

578 

687 

662 

976 

46 

325 

11000 

649 

756 

733 

1084 

49 

220 

12000 

729 

839 

808 

1202 

53 

110 

12800  —      -----  ii 
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TABIiE  III. 


BEAM 

NO.  35. 

3  1/2  MD  2  3/4 

BARS 

Extensometer  Span 

42  In. 

Load 

Extensometer  Readings. 

Deflection 
Readings 

lb. 

1 

2 

3 

4 

Inches 

Lleters 

0 

.0027 

.0117 

.0112 

,0053 

1.40 

.  79025 

1000 

62 

150 

141 

77 

41 

79000 

2000 

108 

191 

177 

107 

42 

78955 

3000 

160 

238 

218 

144 

45 

910 

4000 

228 

300 

274 

194 

48 

820 

5000 

Q99 

365 

334 

249 

50 

730 

6000 

390 

448 

409 

319 

52 

620 

7000 

479 

529 

488 

389 

K  r> 
D  / 

DUU 

8000 

569 

607 

564 

456 

59 

385 

9000 

658 

684 

641 

526 

63 

275 

10000 

775 

782 

741 

611 

69 

135 

11000 

891 

876 

841 

693 

74 

78010 

12000 

1009 

9  58 

947 

775 

79 

77885 

13000 

1139 

1065 

1060 

863 

84 

740 

14000 

1051 
1192 

* 

1187 

1190 

963 

89 

680 

15000 

14500 

2005 

2675 

2280 

2237 

2.30 

76490 

14200 

2059 

3815 

3297 

3508 

60 

75670 

13200 

3.00 

74500 

12800 

5360 

4716 

4420 

09 

440 

12000 

6370 

5740 

5290 

No.  1  reset. 


(24) 


TABLE  IV. 


BEAM    NO.  37.     5  1/2  IN.  BARS. 
Extensometer  Span  42  In. 


Load  Extensometer    Readings.  Deflection 

Readings 


lb. 

1 

2 

3 

4 

Inches 

Meters 

0 

.0009 

.0057 

.0123 

.0021 

2.75 

.8675 

1000 

32 

88 

158 

69 

79 

67 

2000 

83 

136 

202 

115 

80 

61 

3000 

147 

208 

266 

191 

84 

52 

4000 

213 

289 

341 

296 

89 

41 

5000 

292 

284 

423 

389 

93 

29 

6000 

365 

475 

502 

492 

99 

15 

7000 

440 

566 

585 

592 

3.04 

8603 

8000 

522 

657 

669 

692 

09 

8589 

9000 

599 

748 

756 

801 

12 

76 

10000 

689 

846 

850 

909 

18 

61 

11000 

785 

937 

948 

1010 

24 

48 

12000 

896 

1042 

1060 

1119 

28 

31 

13000 

1099 

1430 

1295 

1422 

40 

8509 

11300 

1584 

2205 

1772 

2320 

74 

8457 

11000 

1855 

2876 

2158 

2894 

79 

13 

(25) 


TABLE  V 


BEAM    NO . 

38.  2 

1/2 

ASD    2  3/4 

IN  BARS 

« 

Ext  en 

sorneter 

Span 

42  In. 

Load 
lb. 

Extensorneter  Readings 
12           3  4 

Lef leotion 
Readings 
Inches  Meter 

0 

.0023 

.0114  . 

0103 

.0015 

2.40 

.8800 

1000 

49 

154 

138 

59 

43 

8792 

2000 

95 

190 

186 

114 

47 

85 

3000 

169 

279 

246 

185 

51 

75 

4000 

240 

358 

312 

265 

54 

67 

5000 

314 

437 

383 

347 

58 

52 

6000 

390 

518 

454 

431 

62 

39 

7000 

464 

498 

527 

514 

67 

28 

8000 

538 

670 

608 

592 

70 

17 

9000 

619 

749 

691 

674 

73 

8705 

10000 

709 

837 

781 

759 

79 

8692 

11000 

800 

924 

886 

847 

84 

78 

12000 

911 

1027 

990 

949 

89 

62 

13000 

1028 

1120 

1106 

1042 

95 

48 

13950 

(26) 


TABI^E  VI 


BEAM  NO. 

45. 

3  1/2  AND  2  3/4 

IN.  BARS 

• 

Ext  en 

someter  Span  42 

In. 

lb. 

Extensoiiieter  Readings. 
12             3  4 

Defle 
Read 
Inches 

ction 

ings 
Meters 

0 

.0078 

.0038 

.0064 

.  0086 

1.75 

.8793 

1000 

129 

88 

128 

"t  1  A 

114 

79 

83 

2000 

193 

151 

173 

176 

81 

71 

3000 

\y  \u  \y 

260 

213 

240 

r*»  o  o 

233 

84 

58 

4000 

331 

274 

308 

298 

90 

48 

5000 

406 

436 

388 

369 

94 

34 

6000 

482 

408 

459 

432 

98 

24 

7000 

563 

482 

544 

502 

2.00 

8709 

8000 

655 

555 

627 

573 

07 

8698 

9000 

772 

643 

721 

648 

±  J. 

10000 

894 

750 

836 

726 

18 

67 

11000 

1039 

845 

918 

819 

23 

49 

12000 

1184 

950 

1117 

909 

32 

34 

12400 

1298 

1038 

1204 

972 

48 

8593 

(27) 


TABLE  VII. 


mm 

NO.  46. 

5  3/4  IN 

BARS. 

Extensometer 

Span  42 

In. 

Extensometer  Readings. 
1             2              3  4 

Deflection 
Readings 
Inches  Meters 

.  UUoo 

no. "^5 

1.90 

.8890 

art 

Oft 

O  f 

2 . 02 

84 

XXU 

fV 

ox 

04 

79 

J.DO 

xoo 

07 

72 

199 

10 

64 

iC^  O 

<c<o  o 

^  «!. 

249 

12 

57 

OOU 

<i  <  o 

15 

48 

439 

334 

399 

360 

19 

37 

522 

390 

480 

417 

21 

29 

621 

459 

578 

483 

26 

17 

732 

532 

688 

557 

30 

8805 

854 

611 

819 

635 

35 

8792 

1003 

703 

857 

735 

40 

77 

1201 

818 

1155 

837 

49 

58 

1455 

957 

1412 

975 

55 

36 

1887 

1180 

1851 

1198 

70 

8700 

Load 
lb. 
0 

1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
10000 
11000 
12000 
13000 
14000 
15000 
15200 
14750 
12000 


2068 
2360 


1553 
2200 


2874 
3860 


1556 
2299 


2.90 


8650 
8591 
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